Haloparvum sedimenti gen. nov., sp. nov., a member of the family Haloferacaceae
the newly proposed family Haloferacaceae (Gupta et al., 2015) .
The salt mine samples were collected from the Jiangcheng Salt Mine in Yunnan province, China (22 40¢ 50 † N 101 38¢ 33 † E). The halite samples (~10 g) were dissolved in 100 ml sterilized 10 % (w/v) NaCl solution and filtered through sterilized filter paper (Whatman 3MM). The filtrates were spread onto solid nutrient MGM plates described in The Halohandbook (http://www.haloarchaea.com/resources/ halohandbook/Halohandbook_2009_v7.2mds.pdf), and which contained the following (g l À1 ): yeast extract (Difco) 1, tryptone (Oxoid) 5, NaCl 144, MgCl 2 . 6H 2 O 18, MgSO 4 . 7 H 2 O 21, KCl 4.2, CaCl 2 . 2H 2 O 0.5, NaHCO 3 0.12, and NaBr 0.48. The pH was adjusted to 7.5 with NaOH (1 M). The medium was solidified with 2.0 % (w/v) agar. The plates were sealed in a plastic bag and incubated at 37 C for two or three weeks. Strains DYS4
T and Y2 were isolated from different samples of the same salt mine during the study of haloarchaeal species diversity in the Yunnan salt mines. Both DYS4 T and Y2 were light-red pigmented, slow-growing and formed small colonies (~1 mm in diameter).
Single colonies were selected and fully re-suspended in sterilized ddH 2 O to prepare the PCR template. The universal primers, 18F (5¢-ATTCCGGTTGATCCTGCC-3¢) and 1518R (5¢-AGGAGGTGATCCAGCCGC-3¢), were used to amplify the haloarchaeal 16S rRNA gene . The PCR products were purified and inserted into the T-vector (pMD-18T; TaKaRa) for sequencing. The 16S rRNA genes of strains DYS4 T (1456 nt) and Y2 (1456 nt) were used as queries to search the DNA database via the basic local alignment search tool (BLAST) (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and the EzBioCloud (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) . Sequence similarities and molecular phylogenetic analysis of strains DYS4
T and Y2 showed that they formed an independent lineage and were closely related to the genera Halorubrum and Halopenitus in the family Haloferacaceae (Gupta et al., 2015) .
Phenotypic and chemotaxonomic tests were performed according to the proposed minimal standards for the description of novel taxa (Oren et al., 1997 ) in the class Halobacteria, which has recently been divided into three orders (Halobacteriales, Haloferacales and Natrialbales) (Gupta et al., 2015) . The complex medium (CM) used for the determination of physiological and biochemical features contained the following (g l À1 ): casamino acids (Difco) 7.5, yeast extract (Difco) 10, sodium citrate 3, MgSO 4 . 7H 2 O 20, KCl 2, FeCl 2 . 4H 2 O 0.036 and NaCl 200 (Oren et al., 1997) . Cell morphology and motility were observed using an Olympus BX 51 microscope equipped with phase-contrast optics and a scanning electron microscope (Fig. S1 , available in the online Supplementary Material). The minimum salt concentration preventing cell lysis was determined by suspending washed cells in serial saline solutions containing NaCl ranging from 0 % to 10 % (w/v). Cell lysis was detected by light microscopy and a spectrophotometer (a decrease in OD 600 and an increase in OD 280 and OD 260 ). The Gram-stain was performed according to the method described by Dussault (1955) . The pHof the media was adjusted to 7.5 in all tests with the exception of the pH range tests. The medium was solidified with 2.0 % agar. The range of salinity for growth was set from 5 % to 35 % (w/v) at intervals of 5 % (w/v). The pH range for growth was adjusted from pH 5.0-9.0 at intervals of 0.5 units using the following buffers: MES (for pH 5.0-6.0), PIPES (pH 6.5-7.0), HEPES (pH 7.5-8.0), Tricine (pH 8.5) and CHES (pH 9.0); all at 50 mM. The temperature range for growth was set to 10, 15, 20, 25, 30, 34, 38, 40, 42, 45, 50 and 55 C in CM medium of pH 7.5 with 3.4 M NaCl. The range of Mg 2+ for growth was tested using MgCl 2 . 6H 2 O (0, 0.005, 0.01, 0.03, 0.05, 0.1, 0.3, 0.5, 0.7 and 1.0 M). Strains DYS4 T and Y2 are both non-motile, pleomorphic and Gramstain-negative. Although cell lysis occurs in distilled water for both strains, they can maintain cell integrity in !0.6 % (w/v) NaCl. The ranges of NaCl, pH and temperature for growth of the type strain DYS4
T were 1.7-5.1 M (1.7-4.3 M for strain Y2), pH 6.5-8.5 (7.5-9.0 for strain Y2) and 25-50 C (also for strain Y2), respectively. Optimal growth of strain DYS4 T occurred with 3.4 M (2.6 M for strain Y2) NaCl, at pH 7.5 (pH 8.0 for strain Y2), and at 42-45 C (also for strain Y2). Mg 2+ was required for growth, and the Mg 2+ optimum was determined to be 0.1 M for strain DYS4 T and 0.3 M for strain Y2. Strain DYS4 T can grow well on a medium with pH between 7.0 and 7.5, which was unsuitable for strain Y2.
Anaerobic growth was tested with L-arginine (5 %, w/v), KNO 3 (5 %, w/v) and DMSO (5 %, v/v) in screw-topped sealed vials (Han & Cui, 2015) . Indole production from tryptophan and the utilization of sugars and organic acids were assessed as described by Oren et al. (1997) . H 2 S formation was determined by the black sulfide precipitates in the soft agar medium containing 0.5 % (w/v) cysteine (Cui et al., 2007) . Reduction of nitrate and nitrite were detected using sulfanilic acid and the a-naphthylamine reagent (Smibert & Krieg, 1994) . Starch hydrolysis was detected by flooding the CM agar plate supplemented with 5 g l À1 soluble starch with Lugol's iodine solution (Han & Cui, 2015) . Gelatin hydrolysis was performed by growing colonies on CM agar plates amended with 5 g l À1 gelatin; hydrolysis was detected by flooding the plates with Frazier's reagent (McDade & Weaver, 1959) . Esterase activity was detected according to the method described by Guti errez & Gonz alez (1972) . Catalase and oxidase activities were detected using the method described by Gonzalez et al. (1978) . No growth occurred under anaerobic conditions for both strains DYS4
T and Y2. Both strains did not hydrolyse starch, gelatin, casein or Tweens 20, 40, 60 and 80. Both strains were oxidase-and catalase-positive. Indole production from tryptone was negative. Both strains could reduce nitrate to nitrite. H 2 S production from cysteine was positive. No gas was formed from NaNO 2 or KNO 3 .
To determine the use of different organic substrates as carbon and energy sources, a medium containing yeast extract at 0.05 % (w/v), supplemented with 10 g l À1 of the tested substrate was used (Torreblanca et al., 1986) .5-8.5 7.5-9.0 7.0-9.0 6.0-9.0 7.5-10.5 6.5-8.5 6.5-9.0 6.0-9.5 Optimum 7.5 8.0 7.5 7.5 9.5-10.0 7.5 7.5 7.0 Reduction of nitrate to nitrite
Utilization of: 
Halorubrum arcis AJ201 T (DQ355793)
Halorubrum salinum GX71 T (HM063951)
Halorubrum laminariae R60 T (KF680551)
Halorubrum aidingense 31-hong T (DQ355813)
Halorubrum kocurii BG-1 T (AM900832)
Halorubrum lacusprofundi ATCC 49239 T (NR_028244)
Halorubrum lipolyticum 9-3 T (DQ355814)
Halorubrum halophilum B8 T (EF077637)

Halorubrum saccharovorum JCM 8865 T (U17364)
Halorubrum persicum C49 T (HG421000)
Halorubrum orientale EJ-52 T (AM235786)
Halorubrum luteum CGSA15 T (DQ987877)
Halorubrum vacuolatum JCM 9060 T (D87972)
Halorubrum alkaliphilum DZ-1 T (AY510708)
Halorubrum tibetense 8W8 T (AY149598)
Halorubrum aquaticum EN-2 T (AM268115)
Halorubrum rubrum YC87 T (JQ237124)
Halorubrum cibi B31 T (EF077639)
Halorubrum gandharaense MK13-1 T (AB563178)
Halopenitus salinus SKJ47 T (JQ937363)
Halopenitus malekzadehii CC65 T (KC018183)
Halopenitus persicus DC30 T (JF979130)
Haloparvum sedimenti DYS4 T (rrnA) (KP202830)
Haloparvum sedimenti Y2 (KP276581)
Haloparvum sedimenti DYS4 T (rrnB) (KP202831) 
strains DYS4
T and Y2 and other reference strains are summarized in Table 1 .
Susceptibility to antibiotics was assessed on agar plates using antibiotic discs with the following quantities: ampicillin (10 µg), bacitracin (0.04 IU), chloramphenicol (30 µg), ciprofloxacin (5 µg), erythromycin (15 µg), kanamycin (10 µg), neomycin (30 g), norfloxacin (10 µg), novobiocin (30 µg), penicillin G (10 IU), rifampicin (5 g), streptomycin (10 µg), tetracycline (30 µg) and vancomycin (30 µg). Strains
DYS4
T and Y2 had similar levels of susceptibility to these antibiotics. Both strains are sensitive to novobiocin and rifampicin and resistant to other mentioned antibiotics.
Polar lipids were extracted using the chloroform/methanol system and were analysed using one-(1D-TLC) and twodimensional thin-layer chromatography (2D-TLC) as described previously (Cui et al., 2010) . Merck silica gel 60 F 254 aluminum-backed thin-layer plates were used for TLC analyses. For the 1D-TLC, the solvent system was chloroform/methanol/acetic acid/water (85 : 22.5 : 10 : 4, by vol.). For the 2D-TLC, the first solvent was chloroform/ methanol/water (65 : 25 : 4, by vol.), and the second solvent was chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.). Glycolipids/phospholipids were detected as purple spots by spraying with 0.5 % (w/v) a-naphthol in methanol/ water (1 : 1, v/v) and later with sulfuric acid/ethanol (1 : 1, v/ v) followed by heating at 120 C for 10 min (Minnikin et al., 1984) . Halorubrum saccharovorum CGMCC 1.2147
T and Halopenitus salinus SKJ47
T were used as reference strains. The results from the 1D-and 2D-TLC showed that strains DYS4 T and Y2 have a similar profile of polar lipids, which primarily consisted of phosphatidylglycerol (PG), phosphatidylglycerol phosphate methyl ester (PGP-Me), phosphatidylglycerol sulfate (PGS) and a sulfated mannosyl glucosyl diether (S-DGD) (Fig. S2 ). An unidentified minor glycolipid spot was present in strains DYS4
T and Y2, which differentiates them from closely related species of the genera Halorubrum and Halopenitus. The lipid core of the glycolipid was determined to be sn-2,3-diphytanylglycerol (C 20 C 20 ) by the method of gas chromatography-mass spectrometry (GC-MS) (Matsubara et al., 1994) . Nevertheless, the major polar lipids of DYS4
T and Y2 were similar to those of Halorubrum saccharovorum CGMCC 1.2147
T and different from those of Halopenitus salinus SKJ47 T (Fig. S2) .
The rpoB¢ genes of strains DYS4 T (1830 nt) and Y2 (1830 nt) were amplified using the pair of degenerate primers RpoBF (5¢-TGTGGGCTNGTGAAGAACTT-3¢) and RpoBR (5¢-GGGTCCATCAGCCCCATGTC-3¢) (Minegishi et al., 2010) . The ef-2 genes of strains DYS4 T (1801 nt) and Y2 (1802 nt) were amplified using the pair of degenerate primers EF-2F (5¢-ATGGGYMGACGHAAGAA-3¢) and EF-2R (5¢-GCBGGRCCRCGGTGGAT-3¢) (Han & Cui, 2015) . The purified PCR products were inserted into a T-vector (pMD-18T; TaKaRa) for sequencing. The sequence similarity of the rpoB¢ genes between strains DYS4 T and Y2 was 99.5 %, and less than 90.4 % between strain DYS4
T and other closely related strains T and Y2 was 99.5 %, while that between DYS4
T and other related species with validly published names was less than 92 %.
Multiple sequence alignments of 16S rRNA gene and rpoB¢ sequences were performed using the Clustal W program integrated in the software BioEdit (Hall, 1999) . Phylogenetic trees of the 16S rRNA gene and rpoB¢ sequences were reconstructed using MEGA 5.0 software (bootstrapping, 1000 replicates) using neighbour-joining, maximum-likelihood and maximum-parsimony methods (Tamura et al., 2011) . Sequence similarity analysis suggested that the close relatives of strains DYS4
T and Y2 were species of the genera Halorubrum and Halopenitus. The same affiliation was also observed in the phylogenetic tree of the family Haloferacaceae (Fig. S3) . Phylogenetic analysis of 16S rRNA and rpoB¢ genes showed that strains DYS4
T and Y2 formed an independent lineage and were closer to species of the genus Halopenitus than those of the genus Halorubrum (Fig. 1) . Notably, the independent lineage was represented by strains DYS4 T and Y2. The genera Halorubrum and Halopenitus were considered to be sister groups (Figs S3 and S4) .
DNA G+C content was determined from the mid-point value (T m ) of the thermal denaturation method (Marmur & Doty, 1962) . DNA-DNA hybridizations were performed in a Beckman-Coulter DU800 spectrophotometer equipped with a high-performance temperature-controller and were conducted using the thermal denaturation and renaturation method (Marmur, 1961; De Ley et al., 1970; Huß et al., 1983) . The DNA G+C contents of strains DYS4
T and Y2 were determined to be 68.2 mol% and 67.0 mol%, respectively. DNA-DNA relatedness between strains DYS4
T and Y2 was 90.0 ± 0.5 %, while that between DYS4
T and other related species was less than 26 % (19 ± 0.7 % for Halorubrum aidingense 31-hong T , 25 ± 0.3 % for Halopenitus salinus SKJ47 T ).
Sequence similarity (16S rRNA, rpoB¢ and ef-2 genes) and phylogenetic analysis (16S rRNA and rpoB¢ genes) indicated that strains DYS4 T and Y2 were placed in the family Haloferacaceae (Gupta et al., 2015) , and were closely related to species of the genera Halorubrum and Halopenitus (Figs 1, S3 and S4). The low sequence similarity (16S rRNA, rpoB¢ and ef-2 genes), combined with the biochemical and physiological characteristics and DNA-DNA relatedness, differentiated these strains from other previously described members of this family, which indicates that strains DYS4 T and Y2 represent a novel species of a new genus, for which the name Haloparvum sedimenti gen. nov., sp. nov. is proposed.
Description of Haloparvum gen. nov.
Haloparvum (Ha.lo.par¢vum. Gr. n. hals, halos salt; L. neut. adj. parvum small size, tiny; N.L. neut. n. Haloparvum saltloving, small-size organism).
Cells are Gram-stain-negative, non-motile and pleomorphic. Colonies on agar are light-red, moist and round. Chemo-organotrophic, does not hydrolyse Tweens 20, 40, 60 and 80, casein, gelatin or starch. Aerobic, halophilic and slightly alkaliphilic, requiring at least 1.7 M NaCl for growth. Mg 2+ is required for growth. Cells can keep entire morphology at low osmotic pressure. Major polar lipids are phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, phosphatidylglycerol sulfate and sulfated mannosyl glucosyl diether.
The type species is Haloparvum sedimenti, which was isolated from a salt mine.
Recommended three-letter abbreviation: Hpv.
Description of Haloparvum sedimenti sp. nov.
Haloparvum sedimenti (se.di.men¢ti. L. gen. n. sedimenti from the sediment, referring to the habitats of the type strain).
Exhibits the following properties in addition to those provided in the genus description. Colonies are small (approximately 1.0 mm diameter) on CM agar plates under optimal conditions. Cell size is 0.3-0.5Â0.5-0.8 µm when grown in liquid CM medium. Growth occurs at 25-50 C (optimum 42 C), with 1.7-5.1 M NaCl (optimum 2.6-3.4 M), at 0.005-0.5 M MgCl 2 (optimum 0.1-0.3 M) and at pH 6.5-9.0 (optimum pH 7.5-8.0). Cells lyse in distilled water. Catalase-and oxidase-positive. Does not grow under anaerobic conditions with nitrate, L-arginine or DMSO. Nitrate reduction to nitrite is positive, while gas formation from nitrate is negative. The type strain DYS4 T (=CGMCC 1.14998 T =JCM 30891 T ) was isolated from a rock salt, Jiangcheng Salt Mine, Yunnan, China. The DNA G+C content of the type strain is 68.2 mol% (Tm method). An additional strain of the species is Y2 (=CGMCC 1.15000=JCM 30892).
